Monitoring the dynamics of ligand-receptor complexes on model membranes.
Ligand-induced cross-linking of cell surface receptors is a basic paradigm of signal activation by many transmembrane receptors. After ligand binding, the receptor complexes formed on the membrane are dynamically maintained by two-dimensional protein-protein interactions on the membrane. The biophysical principles governing the dynamics of such interactions have not been understood, mainly because the measurement of lateral interactions on membranes so far has not been experimentally addressed. Here, we describe a generic approach for measuring two-dimensional dissociation rate constants in vitro using a novel high-affinity chelator lipid for reconstituting a ternary cytokine-receptor complex on solid-supported membranes. While monitoring the interaction between the ligand and one of the receptor subunits on the membrane by fluorescence resonance energy transfer, the equilibrium on the surface was perturbed by rapidly tethering a large excess of the unlabeled receptor subunit. Displacement of labeled by unlabeled protein in the ternary complex was detected as a recovery of the donor quenching. Since the dissociation of the ligand-receptor complex in plane of the membrane was the rate-limiting step under these conditions, the two-dimensional rate constant of this process was determined. Strikingly, the two-dimensional dissociation was much slower than ligand dissociation into solution, suggesting that membrane tethering significantly affects the dissociation process. This result highlights the importance of studying ligand-receptor complexes tethered to membranes for understanding the principles governing signal activation by ligand-induced receptor assembling.